ABSTRACT: Landing errors on men's floor exercises are caused by the flight parameters. Depending of the flight phase is determined the magnitude of the landing mistake. On the sample of all gymnasts (n=97) who were competing in the qualifications of the senior Men's European Championships 2004 in Ljubljana, we analyzed saltos which were performed by them. Variables according to the theoretical model for the evaluation of salto landings in the floor exercise were used. From the mentioned model we chose only those variables that relate to the flight phase. Axis of rotation, number of turns around longitudinal axis and initial landing height have a significant impact on the magnitude of the landing mistake.
INTRODUCTION
In modern gymnastics landing is one of the most important factors which determine the final rank of gymnasts in competitions. On each piece of apparatus except of floor only one landing occurs. In the floor exercise where competition routine comprises several acrobatic elements many landings occur. Acrobatic elements are composed of the take off phase, the flight phase and the landing. Two types of landings are being used in modern gymnastics: landings connected to the next salto and (stick) landings to the standstill position.
Stick landing is the goal of the gymnasts. Stick landing means to absorb the body's energy (kinetic energy is zero) produced at the take off phase. In adherence to the conservation of mechanical energy the kinetic energy will be the same at the take off and at the landing if no external forces are applied to the body in the flight phase.
For acrobatic elements such as, for example, saltos this rule is completely affective.
The gymnast has to assess the amount and direction of energy in the flight phase and anticipate the amount and direction of energy at the landing [6] . The direction of kinetic energy at the contact can be oriented towards or aside the energy from the flight phase. If acrobatic element. This means that the impulse of the ground reaction force has to be oriented in the same way as the energy of the flight phase, or the impulse of the ground reaction force has to be greater than the energy of the flight phase [6] . In such case the gymnast maintains a certain kinetic energy which allows him to continue the acrobatic series.
L A N D I N G E R R O R S I N T H E M E N ' S FLOOR EXERCISE ARE CAUSED BY FLIGHT CHARACTERISTICS
In these terms we can define landings whose goal is to land in a standstill position but are executed with motion as landings with a mistake. On the other hand, landings with mistakes are also those whose goal is to maintain certain kinetic energy for the execution of the next acrobatic element but are performed with lack of needed energy.
Additional problem represents the rule that feet should beF together at landings [2] . One of the important factors affecting the stability is the magnitude of the base support. The base of support is the area bound by the outermost regions of the body in contact with the supporting surface. In the feet-together stance, the base of support is small and this fact aggravates the gymnast's stability. Another factor that affects stability is the angle between the line of action of the body's weight and the boundaries of the base of support. When the line of action of the body's weight moves outside the base of support, stability is disrupted.
If the gymnast keeps his feet together at landing, he can increase his stability by horizontally positioning the center of gravity near the edge of the base of support on the oncoming external force and vertically positioning the center of gravity as low as possible.
Before the gymnast makes an (un)necessary step at landing, he can perform modification movements. Research shows that the distribution of momentum among segments at the flight phase and the contact influences the gymnast's stability during his interaction with the landing surface [8, 12, 13, 16] . Modifications in shoulder torque during the flight phase enable the gymnast to reach kinematic characteristics which are consistent with successful landings. After the contact, the gymnast can circle the arms in the same or the opposite direction to the direction of movement, or lower his center of gravity. Modifications with hands help him to preserve and transfer angular quantity [11] . When he lowers his center of gravity, he enhances the time interval in which he can actively lower the impulse of the ground reaction force with his muscles.
Variability of movement is an important functional factor when researching stability of movement and provides important information in the process of motor learning [1, 15] . Variability is an important criterion for defining the quality of execution of movement [12] .
The theory of motor learning [14] stipulates that variable practice is more successful than constant practice. With variable motor learning we can apply the knowledge of landings acquired on one apparatus onto another one.
Minnetti et al. [10] discovered that dynamic characteristics of landings from different heights are dependent of muscle activation.
Muscles are activated prior to the contact. The influence of preactivation on the landing success and the foot stability has been investigated by several researchers [3] . The greatest activity of the lower extremities muscles occurs when hips start to drop [10] .
Even a small delay in the muscle activity can lead to unsuccessful landings and injuries. Therefore neuromuscular control plays a very important role in the performance of landings.
Research results show a rather low rate of success of landings in competitions [5, 9, 11] . At the Olympic Games 1996 in Atlanta, McNitt -Gray et al. [7] 
MATERIALS AND METHODS
In our research, we analyzed landings of saltos performed after an independent salto or at the end of an acrobatic series of saltos We defined the variables according to the theoretical model for the evaluation of salto landings in the floor exercise [4] . From the mentioned model we chose only those variables that relate to the flight phase: 
RESULTS
Out of all performed saltos at the EC 2004 (n=684), 62.9% (n=413) were performed without error and 37.1% (n=244) were performed with errors.
Among saltos performed with errors (n=244) 98.8% were performed with the intention to stick the landing at the end of an acrobatic series or performed on its own. The rest (1.2%) were connected saltos.
The stick landing is the most important and errors were almost exclusively shown while performing saltos with intention to stick landing; in further research we took a closer look at this salto and landing type (independent saltos). As the aim of the landing of independent saltos and saltos at the end of an acrobatic series is the same, hereof we'll refer to them as ‚independent saltos'.
Distribution of the errors magnitude among independent saltos (n=344) is: small errors (62.7%), medium errors (31.5%), large errors (1.7%) and falls (4.1%) ( Table 2 ).
The highest frequency of small errors was in the high and medium initial landing height, while most medium and large errors and all falls were performed with a low initial landing height and these differences between the magnitude of error and the initial landing height are significant ( Table 3 ). (Table 5) .
Differences between body positions during the flight, the number of turns around the transverse axis, the number of turns around the sagital axis, visibility of the landing surface, and the deciding between movements were not significant (Table 6. ).
DISCUSSION
Each element is expected to be performed to the perfect end position [2] . Any deviation from the perfect end position means error and is penalized by the judges. Errors on landings are caused by the previous phases of element, e.g., the take off and the flight.
Flight characteristics, such as the axis of rotation, the number of turns or the initial landing height, do influence the success and quality of landing.
The salto's height is important for the initial landing height [6] .
The lower is the initial landing height the higher is the probability of a larger error. With a lower initial landing height the time for landing preparation is shorter which means a higher probability for an error in the sensor system (late data recognition); the movement control In artistic gymnastics, it is almost impossible to learn invariable cheering, applauding, music, very bright light etc.) and a selection of this information is also needed. During his training, the gymnast needs to learn to select the useful information which will lead him to the stick landing (for competition it is useful to train in e.g. laud, quite, very bright or shadowy conditions).
Only 29.9% of saltos were performed into the stick landing.
This means that a huge majority of coaches and gymnasts should restructure their training programs by type of activity and by loads in order to raise the level of their landings.
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